A prospective, randomised study was carried out in 135 patients to determine whether the time of removal of continuous sutures in the relief of post-operative astig matism had any effect on subsequent changes in cylinder power or axis. After uncomplicated extracapsular catar act extraction with a corneal section and continuous 10/0 nylon suture, patients with more than 3 dioptres of cylin der were allocated to have their suture removed at 6, 9 or 12 weeks post-operatively. Visual and optical outcome were assessed 1 week after suture removal and at 6 months. Although the time of removal did not affect the change in cylindrical power, the subsequent refraction was more stable when the suture was removed at 12 weeks. However, initial against-the-rule astigmatism did not significantly change after suture removal and resulted in an unsatisfactory final prescription. Suture removal should therefore be performed at 12 weeks, glasses should not be prescribed early, and a poor out come may be anticipated in those initially against-the-rule.
Eye (1993) 7, 143-147 (against-the-rule astigmatism), and a tight or non-absorb able suture causing wound compression and vertical stretching of the cornea (with-the-rule astigmatism). [12] [13] [14] [15] Despite the considerable literature on how to avoid, cor rect or reduce post-operative astigmatism, the question of the most appropriate time to remove sutures has only been addressed anecdotally. 16.17 In cases with a high degree of cylinder a balance must be sought between early removal when one might expect the greatest resolution of cylinder but corneal wound healing may not be complete, especi ally if the patient is still on topical steroids, and late re moval where wound healing is complete which may carry the risk of a permanent high cylinder. We therefore under took a prospective, randomised study to investigate whether removal of sutures at different times post-oper atively would affect the change in cylindrical power or axis, and what effect this might have on visual and optical outcome at 6 months.
PATIENTS AND METHODS
Patients entered into this study were drawn prospectively from those attending the Eye Department, King's College Hospital. In all cases patients had undergone routine extra capsular cataract extraction by a variety of surgeons with a 120° corneal incision I mm anterior to the limbus, lens expression and aspiration, posterior chamber intraocular lens insertion (Sinskey type), and closure of the section with a continuous 10/0 nylon bootlace suture. Post-oper atively patients received steroid drops (gutt dexametha sone 0. 1 %) four times a day, the dosage being gradually reduced after 2 weeks. At 6 weeks, if more than 3 dioptres of cylinder were present, patients were randomly allocated to one of three groups after the nature of the procedure had been explained and consent obtained. Patients excluded from this study were those under the age of 50, those in whom the pre-operative refraction was more than 3 dioptres (determined, where refraction was not possible, by keratometry or from their most recent glasses), those in whom peri-or post-operative complications (vitreous loss, wound leak) had occurred, and those in whom pre- vious surgery or corneal irregularities prevented accurate refraction and keratometry.
In the study group suture removal was performed at either 6 weeks (group A), 9 weeks (group B) or 12 weeks (group C) post-operatively. The study was also stratified by subdividing each group into those patients who had 3-5 dioptres of cylinder and those with more than 5 dioptres. The cylindrical power and axis were determined objec tively at each visit by refraction and keratometry (Bausch and Lomb). Suture removal was performed under local anaesthetic with local antibiotic cover given for 5 days afterwards. One week after suture removal the refraction was again determined and glasses prescribed. Each patient was reassessed 6 months post-operatively when the vision, refraction, and reasons for reduced vision (6/9 or worse) were determined. For the purposes of this study with-the-rule astigmatism is defined as that which is cor rected by a plus cylinder at 90° ± 30° and against-the-rule astigmatism as that which is corrected by a plus cylinder at 180° ± 30°, the remaining 60° representing oblique astigmatism .18 Results were analysed within and between separate groups with respect to with-the-rule or against-the-rule astigmatism, change in cylindrical power and axis, age and sex by the Mann-Whitney test. Where appropriate 2 x 2 contingency tables were contructed and chi-squared analysis used. A value of p<0.05 was considered significant. 
RESULTS
One hundred and thirty-six patients were recruited into the study. Data on 135 patients (Table 1) were available for analysis 1 week after suture removal and data on 126 at 6 months. One patient (in group A) suffered a wound dehis cence that required resuturing, having rubbed her eye some hours after suture removal, and was subsequently excluded. Nine patients' data were not available at 6 months: 3 had died and the rest failed to attend for fol low-up. The degree of astigmatism as determined by refraction correspond closely with the measurements obtained by keratome try (Fig. l ,p<O.OOl), indicating that the observed refraction was due to changes in corneal cur vature. The initial refraction performed at 6 weeks in all patients did not change significantly when performed prior to suture removal at 9 weeks (group B) and 12 weeks (group C), i.e. patients with over 5 dioptres of cylinder still had over 5 at the time of suture removaL The type of astig matism present in each group at six weeks is shown in Table II . Overall 55% had with-the-rule, 33% against-the rule, and 12% oblique astigmatism.
Changes 1 Week After Suture Removal
The changes in the cylindrical power and axis at I week after suture removal are shown in Table III . The changes in patients with 3-5 dioptres of cylinder are smaller than those with >5 dioptres, but this was found to reach signifi cance only for group C (p<0.05). Overall there was no significant difference between groups. The change in axis of astigmatism was not significantly different either within or between groups. The change in cylindrical power when the groups are considered according to the type of astigmatism is given in Table IV . Here, the change is less in those with 3-5 dioptres than in those with> 5 dioptres, except in group B. Patients with against-the-rule astigmatism show signifi cantly less change than patients with other types, and this 'All values in this group are significantly smaller (p<0.00 I) than the yalues in corresponding groups.
was the only population in which some patients showed an actual increase in power. The change in axis also showed variation between types, the largest change being in those with oblique and the least in those with against-the-rule astigmatism. Those patients that initially showed against the-rule astigmatism remained against -the-rule after suture removal. However, the majority of patients (group A, 55%; group B, 66%, group C, 68%) who were with-rlie rule became against-the-rule after suture removal.
Changes Occurring at 6 months Post-operativelY
One hundred and twenty-six patients completed the ,,! ,.
The final visual acuity at 6 months was 6/6 or bel\(, in 85%; the reasons for poor visual acuity are given i!l T:,ble V. The results for change in both cylinder and axi'" are reported in terms of the patient requiring a Ik'N IJre scription; there had either been a change of 1 diur Ii": or more of power, 10° or more of axis, or both (T"blc VI).
Patients with a >5 dioptres of cylinder initially welT more likely to need a new prescription than those \Viti] 3-5 dioptres. Moreover patients whose sutures were removed early were significantly more likely to need a new pre scription than those in whom they were removed later (group A vs. group C; p<O.O I)
The final refraction at 6 months was also examined in terms of whether suture removal had succeeded in r,:dl'c ing the patient's prescription to an acceptable level (cvim der power less than 3 dioptres). The results are shown in Table VII and demonstrate that about 20% of patients who had 3-5 dioptres initially still had an unsatisfactory pre scription at 6 months, with a trend that the later the suture was removed the less likely this was to happen. Similarly, for patients with more than 3 dioptres of cylinder initially, one quarter of those in groups A and B still needed more than 3 dioptres whereas none did in group C. When the groups are taken together, those patients whose sutures were removed latest had the least number of unsatisfactory prescriptions. If the initial type of astigmatism is con sidered, equal numbers of patients required a change of prescription at 6 months (Table VIII) . However, it is strik- "Differences between group A and group C significant at p<O.OI (chi-squared).
ing that of these patients with against-the-rule astigmatism initially, only one quarter had a satisfactory final pre scription at 6 months (Table IX) .
The results of analysis with respect to the patient's age and sex showed no significant difference in any parameter either 1 week after suture removal or at 6 months post -operati vel y.
DISCUSSION
Alteration in the shape of the cornea following cataract extraction was first noted by Donders in 1864, who reported against -the-rule astigmatism following surgery. 19 Since then this change has been increasingly recognised although, with modem suture material, the change is usually with_the_rule.7.9.12.13 Prior to the development of intraocular lenses this was not of major concern since it could be corrected by spectacles, but with the advent of both soft contact and intraocular lenses spectacle over correction became necessary, the cylinder required being relatively greater than that for aphakic spectacles for the same amount of corneal astigmatism according to the principle of lens effectiveness.7.9 Moreover changes in the cylindrical power and axis continue for some time post operatively, even if sutures are not removed, resulting in delayed visual rehabilitation. The causes of post -operative astigmatism are numerousl6 but basically fall into two groups: those that are related to the section1-11 and those that are due to the suture.11-14 In the latter case both wound compression and wound gape have been implicated in determining outcome.
This study was designed to discover whether the time of removal of a continuous 10/0 nylon suture in a corneal section would significantly alter the change in cylindrical power that resulted. Statistical comparison between the results of refraction and keratome try demonstrated a strong correlation,' indicating that the observed astigma tism was due to changes in the corneal topography rather than other structures, and this confirms the findings of other studies.7,9,13 In contrast to other series, one third of our patients exhibited against-the-rule astigmatism post operatively. This may arise from poor technique that allows wound gape during suturing, which then leads to scar formation increasing the circumference of the globe, thus flattening the cornea in the meridian perpendicular to the section?O The change in the cylindrical power at 1 week after suture removal was not significantly different between groups except that, as might be expected, the higher the cylinder the more the change. In all groups the change in axis was similar, although those patients in group C showed least (Table III) . Patients who showed against-the rule astigmatism all stayed against-the-rule after suture removal. This is not unexpected if one accepts that this type of astigmatism is caused by wound gape, and the fact that some of these patients got worse after suture removal reinforces this conclusion. A change from with-the-rule to against-the-rule astigmatism was seen in 50% of patients in all groups after suture removal. This is in contrast to other studies where removal of a continuous suture did not affect with-the-rule astigmatism.7.9.11 However, in those studies the suture was cut rather than removed, so that the wound was still supported to some extent, and cutting was done at 3 months or later when wound healing was more advanced. It may also be that, in groups A and B where the suture was removed early, an element of wound slippage contributed to this change.
This study, in common with others, may be criticised for the lack of a control group. Indeed there is no formal study in the literature of the natural history of post-operative suture-induced astigmatism of more than 5 dioptres. The establishment of such a control group would need to be done prospectively and might be difficult to justify since the natural history of unrelieved suture-induced astig matism changes at the most by I dioptre over I year,7.13,15,21.22 late suture cutting (at 6 months or more) may be less effective due to advanced wound healing and some patients might require additional surgical proce dures to relieve residual astigmatism, and the prolongation Analysis of results at 6 months showed that changes in cylindrical power and axis continued after glasses were prescribed, with a trend that the later the suture was removed the smaller the change that was seen (Table VI) . This might reflect the fact that less time was available for any change to occur in patients in group C, but probably indicates that wound healing is more stable at 12 weeks. The fact that 40% of our patients required a new pre scription at this time strongly suggests that giving new glasses 1 week after suture removal is unwise, and it is probably better to leave this for 4 weeks to allow stabilis ation of the corneal topography.9,10.21 Twenty-two per cent of our patients still had more than 3 dioptres of cylinder at 6 months (Table VII) , this being least common in group C. When this figure is examined with respect to the initial type of astigmatism it becomes apparent that a highly sig nificant majority of patients had against-the-rule astig matism initially. Indeed only 4 (6%) of those patients who initially showed with-the-rule astigmatism had more than 3 dioptres of cylinder at 6 months.
From the results of this study we would recommend that where a continuous I % nylon corneal suture is causing a high with-the-rule cylinder it should be removed at 12 weeks after surgery; not only is this as effective in reliev ing induced astigmatism as earlier removal but it is safer and the refraction is more stable thereafter. We also recommend that prescription of glasses should be left for 4 weeks after suture removal, particularly if this is done at 6 or 9 weeks. Removal of sutures in a patient with signifi cant against-the-rule astigmatism may make matters worse and these patients tend to have an unsatisfactory optical outcome.
